Abstract Controversy exists in the literature regarding the efficacy of bone health-related nutrients, especially calcium and vitamin D, in preventing fractures. The aim of our present study was to determine the effect of multivitamin and mineral supplementation on fracture incidence among 3,318 participants from a nutritional intervention trial in Linxian, China. A total of 1,461 men and 1,857 women were enrolled and randomized to daily supplementation with 26 vitamins and minerals tablet or placebo pills for 6 years, followed by a 16-year post-interventional follow-up. The dates, sites, and causes of the fractures were collected retrospectively via a standardized questionnaire. Cox proportional hazard model was used to estimate hazard ratios and 95 % confidence intervals of fracture incidence in the intervention versus the placebo group. A total of 221 fractures (57 in men and 164 in women) occurred during the entire study period of 21 years and 9 months. In men, the supplement reduced the risk of fracture by 63 % during the trial period, and this protective effect was sustained and statistically significant when analysis included both the trial period and 5-or 10-year post-intervention follow-up (years 0-11, P = 0.04; years 0-16, P = 0.02, respectively). The protection against fracture was not apparent [10 years after cessation of the intervention. In women, no significant effect of supplementation on fracture incidence was seen in any of the study periods. These results demonstrate that a 6-year multivitamin and mineral intervention was associated with significant reduction of fracture risk and fracture-related hospitalization in men, but not in women.
Introduction
With aging populations globally, osteoporosis and fractures have become significant international public health problems. Approximately 50 % of women and 20 % of men over the [50 years of age will suffer an osteoporosis-related fracture in their lifetime [1] . In 1990, there were 1.6 million hip fractures worldwide, and this number is estimated to reach 6 million by 2050 [1] . Fractures have placed a heavy burden on current and future healthcare resources. In the United States, $17 billion is spent annually on the management of osteoporosis and osteoporosis-related hip fractures [2] . Osteoporosis and fractures are associated with significant morbidity and mortality, in addition to immeasurable psychosocial and economic losses [1, 3, 4] .
Protein, vitamin K, vitamin D, and calcium intake have been reported to decrease fracture risk [5] . Calcium and vitamin D supplementation, greater physical activity, and/ or pharmacotherapy are currently used to prevent osteoporosis-related fractures [6] . However, the value of nutritional intervention is still unclear [7, 8] . Previous interventional studies have mostly evaluated vitamin D and calcium supplementation, together or separately, but results are inconclusive [8] [9] [10] [11] [12] [13] [14] [15] [16] . According to data from the 1999-2000 National Health and Nutritional Examination Survey, multivitamins are the most common type of dietary supplement in the USA [17] . In 2009, an interventional study in 92 aged care residents found that multivitamin supplementation for a period of 6 months reduced the number of falls and improved bone density [18] . Another study showed that zinc played an important role in bone osteobiology [19] . These findings suggest that perhaps the components of multivitamins other than calcium and vitamin D, such as vitamin B12, folic acid, vitamin C, vitamin K, zinc, magnesium, phosphorus, and potassium, may also play important roles in bone health. To our knowledge, few studies have reported the longterm effects of multivitamin supplementation on fracture incidence in relatively large-scale populations [10, 13, 20] .
Risk factors for osteoporosis and fractures in economically developed countries include skeletal structure, age, physical activity, calcium and vitamin D intake, low body weight, smoking, excess alcohol, falls, and genetics [21] . Our study population in Linxian, China is typical of many agrarian areas in developing countries, where daily living includes heavy physical labor but limited intake of fresh fruits and vegetables, meat and other animal products [22] [23] [24] . Published literature concerning this population also reflects baseline serum vitamin D levels that are inadequate for bone and overall health [25, 26] . We recruited participants from the Linxian dysplasia nutrition intervention trial (NIT), which began in 1985 [24] . The dysplasia trial enrolled subjects who had been cytologically diagnosed with esophageal squamous dysplasia (ESD), the precursor lesion of esophageal squamous cell carcinoma (ESCC). Adults with ESD represent a substantial proportion of this community, and ESCC is the most common cancer in this population at present [27] . The main results of this trial, regarding total and causespecific mortality from ESCC, have been published previously [24] . In the present study, a secondary analysis was conducted to assess the effect of multivitamin and mineral supplementation on fracture incidence during the 6-year intervention period and within the 16-year postinterventional follow-up.
Materials and methods

Population and data collection
The full methods, including selection of subjects, choice of interventional agents, and follow-up procedures of the Linxian dysplasia NIT have been published [24] . Among approximately 3,700 potentially eligible participants, 1 % refused to participate, 4 % were out of the area, 1 % was too sick, and 1 % did not join the trial for other reasons. Additionally, 2 % were excluded due to self-reported cancer at screening or death or diagnosis of cancer prior to the start of intervention. A total of 3,318 participants who were aged 40-69 years were randomly assigned to supplements (multivitamin/mineral tablets or capsules) or matching placebos in a two-group design. Randomization was performed in blocks of 10 patients within strata defined by commune, gender, and age. Specifically, 1,461 men (726 supplements vs 729 placebo) and 1,857 women (927 supplements vs 930 placebo) were randomized. The supplements which included 14 vitamins and 12 minerals are shown in Table 1 with their daily doses. Doses for most of the agents were two to three times higher than the USA recommended daily allowances (RDAs) [24, 28] , but ranged from 0.26 to seven times the RDA depending on the vitamin or mineral. Placebo tablets had the same shape and taste as the active agent. 300 trained country doctors were responsible for pill distribution and supervision of subject adherence. The intervention period was from May 1985 to April 1991, with a 16-year post-interventional follow-up until 2007. Lost-to-follow-up was negligible for the study population. From October 2006 to January 2007, trained interviewers contacted and interviewed all available trial participants (n = 701, 21.13 %) using a structured questionnaire to elicit information on the incidence of fractures over their lifetime. If participants were absent from work, had died (n = 1,920, 57.87 %), or were otherwise unavailable, the interview was conducted with close relatives (n = 2,096, 63.17 %), neighbors (n = 349, 10.52 %), or doctors (n = 166, 5.00 %). To assess the accuracy of recall for fracture events, we further collected medical records during 2000-2005 from all local orthopedic hospitals to evaluate the sensitivity of the interview. their lifetime. Drinking was defined as any alcohol consumption within 12 months prior to their fracture. Followup began on May 1, 1985 and continued until the date of the subject interview or death. Follow-up time was categorized in 4 ways-the duration of the trial (years 0-6 years), the trial period plus 5-or 10-year post-intervention follow-up (years 0-11 and 0-16), and the entire study period (years 0-21 and 9 months from May 1985 to January 2007). All primary fracture events after the first day of the trial were included in the analysis. All analyses were stratified by gender. The date of fracture, the fractured bone(s), and the cause of the fracture(s) were also tabulated. Subjects who could only report the month and year but not the exact date of the fracture were recorded as occurring on the 15th of the reported month. Analyses were not sensitive to the date of fracture (data not shown).
Fracture sites and causes were coded and the cumulative number of fractures, age at fracture, fracture site, and need for hospitalization were compared using chi-squared and t tests as appropriate. Cox proportional hazards models were used to estimate hazard ratios (HR) and 95 % confidence intervals (95 % CI) for fractures between subjects in the intervention group and the placebo group. KaplanMeier curves of the cumulative incidence of fractures were constructed for each treatment group by gender, and the differences by treatment group at each time point were tested by log-rank tests. All P values are from two-sided tests, with statistical significance set at P \ 0.05. All analyses were completed using statistical analysis systems statistical software package version 9.0 (SAS Institute, Cary, NC, USA).
Results
Forty of 3,318 (1.21 %) enrolled eligible participants were lost-to-follow-up of which 18, 10, 6, and 6 were lost during the 1985-1991, 1992-1996, 1997-2001, and 2002-2006 follow-up periods, respectively. Individuals were already excluded if they were taking vitamins of any type regularly at enrollment. During the follow-up, only three subjects reported a history of calcium supplementation during the interview. A total of 221 fracture events were reported from the cohort through the follow-up. Moreover, 206 subjects were verified with fracture events according to the medical records from local hospitals, of which 195 had reported a history of fracture during the interview. Therefore, we gained a sensitivity of 95 % for the recall of fractures which were treated in local hospitals. Participant characteristics including the socio-demographic and the diet information were equally represented among the (Table 2) . Table 3 presents the number and sites of fractures in men and women by treatment group. As expected, women suffered more incidental fractures than men. Falls from \2 m high caused the majority of fractures in both men (65.0 %) and women (85.1 %). Severe fractures requiring hospitalization were more common in men (41.7 %) than women (30.4 %). In general, the hip and/or femur were the leading site of fracture. The crude annual incidence for any type of fracture was 302.8/100,000 subjects and 87.7/ 100,000 for hip and femur fractures. Using a cross-tabular analysis, we found that multivitamin supplements did not confer significant protection against fracture in men (P = 0.30) or women (P = 0.95) over the entire follow-up period ( Table 3 ). The mean age at fracture occurrence was not significantly different in the active treatment group compared to the placebo in men (67.7 vs 65.5) or in women (68.0 vs 66.8). Active treatment significantly reduced the number of fractures requiring hospitalization (P = 0.04) in men.
We created Kaplan-Meier curves showing the effect of multivitamin supplementation on the incidence of fracture during follow-up. Vertical lines at 6, 11 and 16 years divided the follow-up into four periods of time (Figs. 1,   2 ). Log-rank tests showed significant differences between active and placebo groups at 6-and 11-year time points (P = 0.049 and P = 0.036, respectively). No significant differences were found in other time points in men or in any of the time points in women (all P values [0.05). We further explored the effect of multivitamin supplementation on fracture risk in the different follow-up periods by estimating HRs and 95 % CIs (Table 4 ). In men, multivitamin supplements reduced the risk of fracture by 63 % during the trial period and significantly reduced the cumulative fracture incidence over two time periods-the trial period plus 5 years post-intervention (0-11 years, P = 0.04) and the trial period plus 10 years post-intervention (0-16 years, P = 0.02). There was no significant reduction in cumulative fracture incidence in any time period for women. We also stratified women into pre-or post-menopausal groups at baseline and tested them for an interventional effect, but no difference was found (data not shown).
Discussion
Dietary components including inorganic minerals [29] , vitamins, macronutrients [30] and phytoestrogens [29] are implicated in bone health. In the Linxian population, we have previously demonstrated nutritional deficiency due to limited fruit, vegetable, and animal protein intake [22, [31] [32] [33] . Therefore, we examined whether multivitamin and mineral supplements administered in the Linxian dysplasia NIT would reduce the risk of fracture. According to our result, although the supplement showed a reductive trend for the risk of fracture during the trial period (HR = 0.37, P = 0.14), the protective effect was sustained and statistically significant only when analysis included both the trial period and the 5-or 10-year post-intervention follow-up. Generally, long-term intervention was required for nutritional supplement trial. By adding together the basic multiple nutritional deficient statuses of the participants, it was reasonable to show a delayed protective effect in this study. It was also possible that the protective effect of the supplements had already begun to accrue during the trial period, but only became apparent after a certain number of years of intervention. The results were in accord with another study performed in 92 aged care residents [18] . The apparent protection against fracture was lost 10 years after cessation of intervention. a Including car, bicycle, and workplace accidents and falling from high places b P values for fracture case age are from t tests; P values for fracture case numbers, causes of fracture, and hospitalized case numbers are from chi-squared tests c There were several cases with multiple fractures, so the fracture site numbers are larger than the fracture case numbers Multivitamin supplementation also decreased the severity of fractures, as measured by the hospitalization rate in men over the whole study period. No significant effects of the intervention were seen in women.
In the present study, the mean annual incidence rate for all fractures was 302.8/100,000 persons (190.9 for men and 398.6 for women) and 87.7/100,000 for hip and femur fractures (63.6 for men and 108.9 for women). It has been reported that the crude annual incidence rate of hip fractures was 49.5/100,000 (34.8/100,000 men and 63.2/ 100,000 women) in Ecuador [34] and 51.7/100,000 adults (35.5 in males and 62.2 in females) in Belgrade, Serbia [35] . In other Chinese cities, the age-standardized rate of hip fractures was 97/100,000 for men and 87/100,000 for women in Beijing in 1990 [36] , and was 81/100,000 men and 67/100,000 for women in Shenyang in 1994 [37] . The present study was composed primarily of older adults, who are at increased risk of fracture compared to the general population [38] , so a relatively higher incidence rate is reasonable. Forearm fractures were reported to be the leading site of fracture in a previous study [39, 40] . In contrast, our study found the hip and femur to be the sites most prone to fracture. Falls were the most frequently reported cause of fractures. This is in accord with the predominant occupations of our participants-farming and hard physical labor, both of which are associated with falls according to our questionnaire.
Contrary to our expectation, multinutrient supplementation did not provide beneficial effects to post-menopausal women in our cohort. Although previous studies have showed that vitamin D with calcium supplementation (1.2 g elemental calcium and 800 IU vitamin D3) [12, 15, 16] reduced falls and fractures in post-menopausal women, we did not observe similar results. Furthermore, larger population studies with low-dose vitamin D and calcium supplementation (400 IU of vitamin D3 and 1,000 mg of elemental calcium daily) did not find significantly reduced hip fracture risk [41] . Basic nutrition status differs among different populations, resulting in different recommendation for daily allowance of multivitamin and mineral. According to Chinese recommended nutrient intake (RNI) or adequate intake (AI), the supplementation dose of vitamin D in our study was higher than RNI (intervention vs RNI 20 vs 5 lg), but the intervention dose of calcium was significantly lower than AI (intervention vs AI 324 vs 1,000 mg) ( Table 1) . Insufficient supplementation of calcium in this study may significantly reduce the protective effect of fracture prevention; however, the exact doseresponse effect needs to be investigated in further study. The food source of vitamin D and calcium might be a confounding factor when investigating the exact effect of the nutrition supplementation, but it seemed unlikely in this cohort. In this poor area, only 5 % of the participants reported eating eggs daily, and \1 % reported having meat every week. Previous literature also supported our finding that the traditional diet in Linxian provided little vitamin D because fatty fish and liver were taken sparingly and fortified products were not available [22] . The Nurses' Health Study demonstrated that women with a higher current use of vitamin A supplements elevated the risk of hip fracture in women [42] . The intervention dose of vitamin A in this study was also higher than the RNI in China (intervention vs RNI 3 vs 0.7 mg), which may increase the risk of fracture in women. Difference of effect on fracture prevention between genders was an interesting phenomenon observed in this study. Reports have shown that diets high in fruits and vegetables, which are rich sources of water soluble vitamin, have beneficial effects on bone density in men but not in women [43, 44] . Although it is uncertain why men may benefit more readily from nutritional components in fruits and vegetables, and multinutrient supplements, it is clear that differences in bone health do exist between men and women. For example, low plasma levels of vitamin B12 [45] and dietary vitamin K intake [46] were associated with low bone mineral density in women but not in men. Future studies using different doses of multivitamins and minerals are needed to investigate the complex mechanism of fracture in different genders. There were several limitations to our study. First, the participants were cytologically diagnosed with ESD, which confers an increased risk of esophageal cancer. Additionally, the majority of participants were highly physically active farmers with multiple nutritional deficiencies. This may limit the generalization of the results. However, as a high-risk area for esophageal cancer, at least one-third of adults in the area would have a similar diagnosis and nutritional status. Furthermore, considering esophageal cancer ranks as the fifth most common cancer in China and there are 0.9 billion physically active Chinese farmers, our study provides scientific evidence for fracture prevention in this population. Additionally, our study could also be generalized to other similar settings in less developed countries with high incidence of esophageal cancer, such as Iran and South Africa. Second, we had a relatively small number of fractures at the end of follow-up; all fracture data was retrospectively collected. Third, as this study mainly focused on the final disease endpoint, not the intermediate markers, we did not detect bone mineral density or laboratory bone-related indices including 25-OH vitamin D, estradiol, and bone turnover markers. Fourth, we used the USA daily recommended dose for the nutritional intervention, which may not be appropriate for the Chinese population. Generalization of the conclusions from this study should be treated with caution. Further study with multiple doses of different nutritional supplements should be conducted to investigate the exact mechanism of bone fracture.
Our study also had several strengths. We examined the effects of moderate doses of multiple vitamins and minerals in a randomized, double-blind, placebo-controlled trial with a long intervention period and a long postinterventional follow-up period. We also assessed the accuracy of our questionnaire by retrieving local hospital records and found it had 95 % sensitivity. This confirms previous findings of high sensitivity of recall for selfreported fractures [47] [48] [49] .
In conclusion, in a randomized trial in a nutrient-deficient Chinese population, we found that daily multivitamin and mineral supplementation for 6 years decreased the risk of fracture in men during the supplementation period and for 10 years following the supplementation period. It also decreased hospitalization rates over the entire study period in men. No similar effect was observed in women with the same supplements. Further research is needed to determine whether longer-term intake of these supplements could further reduce the risk of fractures, and to evaluate potential mechanisms of the benefits observed in the current trial.
